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coNDrimNscoNDbclmTOA3RCRM?TICING

ByWilliamLewis,= might B● Kline,2
andCharlesP. Steimetz

.-
.

.. !suMMARY
. . Meteorologicaldatafromflightobservationsla icingcondit-
ions duringthewinterof19k.&k7arepresented,Dataonliquid
watercontent,temperature,andmea-f fectivedropMameterare
showntobe consistentwithvaluespreviouslypropoeedformaximum
icingconditions.Dataondro~ize dietrilnztionas oh%inedby
therotatin~ylindermethod,,althoughconsistentwithmeasurements
previously~de, werefoundtobe inconsistentwithdataondrop
sizeM.stributionderivedfromtheratioofthenaximumdiameter
to theme~ffecttve di~ter whenWe maximumdiameterwas
calculatedfrantheareaofimpingementona stationarycylind6r.
Therelationbetweentemperatureand~xim~ liqul(lwatercontent
in,~yercloudsisdiscussedandestimatesaregivenforthe
higheqtvaluesofwatercontenttobe expectedinlayercloudsat
various‘temperatures.“

INTRODUCTION

Overa yeriodof severalyears,theI?ACAhasconductedresearch
onthepreventionofioeformationson”aircraftthrougHtheuseof
heat. Thepresen.%phaseofthisresearchis$ntendedtoprovidea
fundsqmntal~ideretandf~ofthe~ocessofthermalicepreventionand
therebypromote~proveme@inthedesignofthermalic~yrevention

..
., .-

... .. .*
‘%&~’L&s; U.S.WeatherBureau,MS beenassignedtoworkin

collaborationw5ththestaffoftheAmesAeronauticalIa,boratory...-----.
. ‘-—’“&-i3i6”~iiACAicingresearch’prcgram:- ...... ---..----....-

2Mr0Kline,U,S.W~therBureatijhas.been-assignedtotheFlight
~oyulsionResearchIa%oratory,Cleveland,alsoinconnection

,. - withth.dliACAicin&resea&chprc&rap...‘:’: . ..,_,,
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equipment.Themeteorologicalresults“oftheinvestigation,upto
andincludingtb 194~6@nter sea,scnl-havebeenpresentedin
reference1. Thepresentreport,whichMy beregardedas a
supplementtoreference1,presentstheresultsofadditional
flightmeasurementsmadeduringthewinterof1946--47.Thesedata
includeresultsofflightobservationswiththeXB-2@lad XB-25E
airplanesoperatedby theFlightI?ropulslonResearchLaboratoryat
Cleveland,aswellas thec-46ai~laneoperatedby the-s
AeronauticalLaboratory,MoffettField,’Cklif.

Aypreciatianforcooperationtnthi8investigationisextended
toUnitedAirLines,Inc.,theU.S.WeatherBureau,andtheAir
MaterielCcmmandoftheArmyAirForces.Inparticular,Ma$or
JamesMurray,AirMaterielComand,andMr.LyleReynolds,United
AirLines,whowerepilotandcopilot,respectively,~ the
c-46airphe, contributed&teria3.lytotheresearch,program.

...-!”’.,
.:.. .,. APPARATUSANDMETHOD ,“ .
,...
:,..,~:,j.:”.‘ Theequipmentandteetmethodsemploye~inthe-researchofthis
“reportwereidenticaltothosedescribedinreference1 withthe

>.,.“e’xcep%ionofa few.charigesdi=cussedInthefollowing~ phs...
.J . .

Rotating--CylinderM=surements.,.
.

“ThevaluesofIiquidwatercontentandmean+ffeotive@rop
diameteppresentedhereinwereallcalculatedfrcmtheamounts
of fcecollectedonfourrotatingcylinders,1/8,1/2,1-1/4,and
3 incheeindiameter.Theassemblyusedonthec-46alr-@neis
showninfigure1. A“simib.rapparatuswasusedby theFlight
l?ropulsionResee.rchLaboratory.

,!.. Previoiwcalculationofliq.tidwatercontentand~an-,.. effectivediameterfrcmrotating-cjlinderdataobtuined,inflight
L:’r:i“:j~,t””lihtiebeenbaseduponthetrueairspeedof.thee.irpl.ene..(See
,,““,....,...’”.references1 and2.) Thisprocedureinvolvesthetacitassumption

th$itthelocalvelocityat thepointwherethecylinders~e..... ‘exposedisequaltothetrue.airspeed.oftheairplane,In order
to checkthevalidityof-this.assumptionforthe-installation.:..,.,.. ... ...“.’““. .

,

‘Definedintheappendixofreference”1 as’thevolumemedian
.2 diamleterhavingthepr@erty+hat.t.here.ippsrnuchwatprinthe

dropslargerthanthe.yoh.,neildanu~~ras ‘@re i.sin
hops smallertharr,th~:~ol~,mediand.tameter.. .--.,.-.,,‘~-‘-‘-,..!X&..-*...........“,.,..+,,............... “..----

.

.

1



*

*

NAC!ATN NO. 1424 ...3

onthe~ afrjl.ae,thelocalvelocitiesat thepointsofexposure
of’thecylindersweremea~aredfora rangeofairspeeds.1%was
foundthatthelocalvelocltywasapproximately12percentBigher
thanthetrueairspeedovert“~entireregioninwhichtheoylinders ‘“–
wereexposed.Thevaluesofme~ffective diameterandliquid
watercontentpresentedinthisreport,calculatedfromobservations
onthec-46airp~e, arebasedupcnthelocalvelocity.Thealai’%
presentedhereinfrcmtheFlightPropulsionResearchLaboratoryare
basedon trueairspeed, sincelocel.velocitydatawerenotavailable
“forthoseinstallations.

AreaofDro~ImpingementMeasurements

Theapparatusforthe~asurementof’theareaofdropimping~
mentasusedontheG-46airplanets showninfigure2. Thisdevice
consistsofa cylinder“jinchesin diameteronwhichtbeanglefran
thestagnationpointwasmarkedin intervalsof10°. A meanswas
providedforremovingtheiceaccret$onby rotatingthecylinder
againsta scraperwhichwasq~ted directlytehind.thecylinder.
Theanglebetweentheaftedgeoftheioefo~tlons andthe.
cylinderstagnationpoiqt”wasreadv5.suallytothenearest5 .
Theiceformationwasnotallowedtobecomelcrgeenoughto s$@.f&
osntlymodify

An Icing

thecircularcrosssection

IcingRateMeter

rateinteroftharotatiw

ofthecylinder.

disktypewasusedonthe.-
airplanesoperatedby theFlititPropulsionRe8earchIKborat-ory.
Thi=instr&entwas~imilari;principletotheonedescribedin
reference2. Datafromthisir.strumentarepresentedas icingrate
in inchesperhourcollected.ontheedgeofthedisk. Thedatiare .
notpresentedinterms.ofliquid”watercontent,sinoethedensity
of theiceandthecollecti~efficiencyof
with

h a

sufficientaccuracy.

RESULTSA.TDDISCUSSION

Thedatafromthe.1946-47observations

thediskarenotlm&n

havebeenprepared
formstiila.rtothatusedforpresentationinreference1.

95blesI andIIyresenta summaryOFthedataforbothlaboratories
forallflightsduringwhichicingconditionsweremeasured.
Figure3 presentstherelationbetweenliquidwateroontentand
mean-+ffectivedropdiameterandfigure4 showsliquidwatercontent
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asa fuxmtionoffre,e-alrtemperature.- Thec.tie~“denoting$ntenstty
oficihgin.figu.m~ representthe.ra,to.”roficeaccretionona >inch
die.metercylinderat 200milesperhouras specifiedby the
U.S.WeatherBureaufor”reportingici~ intensityfrommountkin-top
observationi3tations.

All.ofthevaluesofliquid&ter “contentandmean-effective
dropdisawterlietedintpllesI and11aretithlntherangoof
valuesobservedduringthepreviousseasonexceptthelargestvaluo
ofdropsizefromflight72. In thiscasetiecollectiondeficiency
wasthesame,withinthelfmitsof errorsofmeasurement,foreach
of thefourcylinders.”Thiscorrespondstoa valueofmean-
.effectivodtamcterofat least150microns.Theliquidwater
contontwas0.04gramp.er.culxlcgeterinthiscase.

IoingCondltfonsinAltostratusClouds

In contrasttotheexper~enc.eof the1945-46seasoninwhlch
ngal?lyallof’the.altostratuscloudsobs”ervedworecomposedof’ice
crystals,a largoaltostratuscloudsystemcmnposedmostlyof~tor
dropswas”encounteredonflightl% in thezoneof convergenceahead
ofa low-pressmearea. Thipcloudwasformedintropicalmrine
airoverLouisianacta temperatureonlyslightly%ebw freezing.
Altostratuscloudscontainingwater.&opswerealsoencountered
duringfourflightsby thel?lightPropulsionResearchLaboratory.
ThreeofthosewereJustoutsidecyclonicprecipitationareasand
thefourthwasaheadofa coldfront.A mor~thoroughinvostiga-

‘tion’ofthestructureofclouds%ssocia@dwithfrontsandlow-
pre@re sYstwm!will.be requiredtodetmnninetiemostprobatlo
locationandextentoficingconditionsin suchcloudsystqms..

me follmingSummary oftheicingcharacter@ticsofalto-
stratuscloudsas comparedwithstratocumuluscloudsinthesaw
generalareahasbeenpreparedfrcmdataobtalncdby theFlight
tiopulsionRes6archLaboratory.

,
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cloud%yp ‘ Altostratus IStratocumulus:,..

NumberofJ?llnS 1. 9 42 I
‘1

. !
averageI 0..19 0.21

Liquidwaterconteratm9&iem~ .18 .18
1’ rage : .12to .30 I.05to .~o ,1.

Meam-effedive average1 18mi-crons 13micrws !
median~ 18microns 12microns [

dropdiameter range ; 12 to24microns~ to36microns
1

a+erage

1

18° F 12°F
Temperate meaisxl @ ~

-e j lo tO23°F
15°F

-11to28°F
, i

Althoughinsufficiqntdataarepresent~dhem topermitdefiniti
conclusionstobe drawn,ItisDotedthatthereisa tendencyfor
e.ltostratuscloudstohavelargerdropsandmoreuniformconditions
thanstratocumulusclouds●

Re-examtnatimof3&evl.ouslyProposed
DesignCczaditions

Tentativeestimatesofthemostsevereicingconditionslikely
tobe encounteredinthecourseofall-weather.transportoperations
intheUnitedStateswerepresented.inreference1 to serve”as a
guideinthedesignof ice-prevention.equ~pmentTMeseesti=tes,
whichwerebasedondataobtainedduringthelj496 seasonand
beforesxegfvenbelow:

Cloudtype

cumulus

Stratusor
stratocumulus

Stratusor
stratocumulus

i { I

1 I.tdm.lte!2”0“m’20‘CronsT ‘0F
20minutes io.8~/m3,15microns !
orlonger

I

200F ;

II

~

20minutes
orlonger .p @l/m~’25microm [

200F i
j

.
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It isseenfromap exqmi~tibn
thesemaximumicingconditionswere

NACATNN~.1424

ofthedatainfigure3 that
noteqw.ledor exceadedduring

the1946--47obser=tio”ns.Thegeneralra;geandfreq.uen.cyof -
valuesotliquidwatercontentandmeam-eff’ectivediameterinlayer
C1OUJ3.Sareverys~lar totheremQtsfromth~previousseason.
Onlya smallamountofdataweretakeni.n.cvnnil.ugclo@5 tn19k6-47.
Theseobservationsallfallwithintherangeewtablishadbythe
194>46obswvations

TheRelation
and

forcumulusclouds.:

BetweenhiaxjxmmLiquidWaterContent
llkmperaturoin-Lay’+rClouds

Itwaspointd.outinreferenceL.thatinaufffciantdatawere
availablefromlayercloud~at lowtmper~turestojrovidathe
Wasisforan”eetimateof therelationbotw~cntemperatureand .
maximumliqu%dwatercantsntinIayer-typeclouds.Th~data
jresentedherein,while&till.ratherscanty,includtiobservations
‘from12fll@tsinlayercloudsat tempmatur@Gof10°F orluwor ,
andtwoflightsbelow-10°1?.Thfis2”are..}sllovedtoprovidea \
sufficientbasi~fora t~~tativecmtimateofuxinwmliquidwater
contentas a functionoftemperatureinlayerclouds.

Itwassuggeetedinrefer~ncc3 thatthemaximumliquidwater
contentlikelyto occurinstratu~cloudsisthoamountthatwould
be produced.by adiabaticlifti~throughan intervalof 3000feet~~
abovethecond~nsationlGW.1.tSubs~)quentexperience,marlimprovLd
methodsofmeasuringliquidwaterconto~tindicatethattheactual
watercontontisgenerallysubstantially1.:;sJthanthtithooroti.cal .-
Value.The68tlmatoof ~~OQOfcitas thsmaxiqumthi@n&Jss.ofa
continuousstratocumulusorstratuslaytirapp~~sto-leap&oxi-
ma.telycorroet,Infigure4,curw A reprosantsone-halfoft.h
ltquldwatercontcmtwhichwouldbeobtainedbyadiabaticlifti~
throu@a pTgssurea+titudeintervalof 3000feetfromthecond.ens~
tionlevel.Thiscurveftillswry”ilosoto-thepointsrqresonting
thehighestobamvedvaluesofliquidwatergontcntinlayc,r-typ?
clouds,Sinceitisreasonabletoexpectthata larger-sampleof
datawouldIncludehighervaluespfwatercontent,thecurveB
(fig.4),whichrepresentstwc--thirdsofthqliquidwatw?contmt ,
producedbyadiabaticliftingthrough~0150feet,isprop’oscdm an
estimateofthehighestvalues ofliq@dwat~rcont~nttobe
eqy=ct~dinlay?rclouds,:This.curv~indicatesa maxinwmliquid.
watercontentor0.8gx%mpercubicmeterat20°F whichidin ●

agreementwiththeestimat~giveninreferenco1. Themaximum
liquidwatercont~ntforlowertempara~~sis0.5@am pm culic

. meterat W F and.O.?7gram.p,~>rcubicmeterqt+.OOF.



Est~t~s ofthemostsevereicingconditionslikelytobe
encounteredin thecoursoof‘KIJ+weathertransportopefitionsin
theUnitedStatwshavebeenpresentedintheforegoingSection.
Dataont~icaloraverageiuingconditionsandontherelative
frequqncyof~ious -valuesofliquidwatercontentandtiopslzo
arealsoofinterest. —.

The~ghest”mlue~os liquid~te~contentmeasured.Wing ~ch
0$21flightsincum~w clouds:-at.51 fli.@tsinl.q-er-tweclouds
arepresentedinfigure5 in theKow”ofogives(cwmil.a-tivefrequency
curves,referent=4). ThespourvesincludetitsfrcmtheAmes
Aeron&uticalIe.boratoryfor19k~ and194.6-4.7andfromthe“Flight
~Pr@lsionResearchLabo~tory for194~7. Themedianvalusof
maximumliquidwa%r contentpari’llghtis0.76grampercubicmeter
forcumuluscloudsand0.28 grampercubicmeterforlayerclouds.
Thesevaluesapproxi=tOthosegiveninreference1 for”typicd.
icingconditions.Z* isalsonotedfromfigure5 thcctim pcn?cent
of theflightsincumuluscloudsencounteredlessthan1.2grams
percubicIII&&rand$)0percentoftheflightsinlayerolouds
encounteredIess”than0.5grzuhpercubicmeter... -- ..

Ogivesplottedfromobservationsofmea~ffect~vediamater
andmaximumdicmetqrnuideduringthe194&47seasonareyresented
infigure6. It isnotedtht 50percentoftheobservationsot
mea~ffect,ivedi~ter fallfn”therelativelynarrawrangefrom
11.2to16.2microns,andgopercentarelessthan22microns,
Fiftypercentoftheobservationsofmaximumdiameterare%etween
12.6and20micronsandgo-percentarebelow28@crone.

*

lhesedistributioncurvesindicatethattheicingconditions
mostcomnonlyencounteredare~h lessseverethanthe“&sti.mated
maximumconditions.Thus,ifitwereassumedthatmostcumulus
cloudsandthemostsevere10yercentof icing conditionsinlayer-
cloudscouldbe avoidedby propermeteorologicalnavigation;it
wouldonlybe necessarytoprotectagctnst0.5graml?erCU%IC rester
et 13micronsor 0.3grampercubicmeterat.20microns~Theexhent
to whichmeteorological~viga%ioncanbe reliedupon,however,can
only be detetinedby an extensivestudyofthedistributionof
icingcon,ut~onsinvariousweathersituationsandanam%lysisof
airtrafficcontrolprocedures. .
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lkcc!.mumDropS3Z$andDro@3iw.

In theanalysisofthetestdata.the

,“ Jfly211

Distribution

factvasnoted
manjcase~,themaximumdropdiametbras ctilculatedfrcm

~I?o. 1424

that, in
thearea

of fmping&entonthefixedcylinderwasequaltooronlyslightly
exceededthecorrespondingmean-effectivediametercalculatedfrom
therotatfng+ylinderdata.’Ina fewcasestheindicatedmaximum
dieamterwas10ssthan.theindicatedmear+effectivediameter.Zhis
wouldindicatethatina mi~orityofcasesthesizedistributionwas
fairlyuniform.Thesizedistribution”obtainedbytherotating-
cylindermethod,on’thed!therhand,frequentlyindicatedbroad
distributionsinoaseswherethe,comp&risonof the.moanandthe
maximumdiametersindicated.vnifo=”dropsize.In ordertocheck
theconsistency of.thesetwomethodsofmeasuringdzzo~izo
distribution,theywere”expressedintermsofa ccmmwnscale.TO
do thistheassumption”w’asmadethat”tke~lue ofdropdiameter
con,t~ibuting10percentofthewatercbntentintheassum~dsize
distributionsB, C,D, andE (reference2)correspondsti”tho”value
ofmaximumdropdi.ametorderivedfrcmtheareaof-impingementon
thestationarycylinder.Onthebasisofthisassumption;thuratio
ORthe
*O the.
method

.

A

+xfmvmdiameterasmmsuredby theareaofimpingementmethod
mean-eff’ectivadiametera~measuredby therotating-oylider
wasusedtodefinea scaleofsizedistributionsasf’o~”ows:

Sizedi&ribution+eeignati.onwximumdiameter.
~def inedinfiefere~ce2) mean-effectivedlsmeterI

A ti~ow1.16 I
B. ,1.17 to1.41
c L.k? tol.62 .
D’”” 1.63 to 1.87
E. “3..8$andover

comparisonolYthedrop-sizedistributionobtainedby thetwo
methodsis-showninthefollowingfrequencytable:

.,.
,,. ,,.

T.

,

.

,.

. ..”

. .
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\ llimhorof observations

sizedistributiondetermined.by theratioof
maximumdismetertomea~ffective.dfamster

A I B i
5 c I D “~ Total

32
w

A 21 10 L 1 1 34
g~
$Y B 3 6 ,3 1 1- 14
2$ 0 8 lL 0 ‘1 2 15.A.+
H 4 “4 o 0 0 8

~:~ ; 8 4 2 5 ‘2. 21

:43 Totalkk .28” 6 86 [ 92 ‘

It isseenfrcmtheforegoing,frequencytablethatthedation
dro~izo distributiondeterminedby the~tio of~~~ ~~ter
tomean-effectfvediameterIndioatea preponderanceoffairlyuniform
drop-sizedistributions;whenxmsthedataondrop-sfzedistribution
obtainedfromtherotating+ylindermethodindicatea largernumber
ofverynonuniformdistributions..

Thecorrelationcoefficientshowingthedegyeeofagreement
betweentheresultsofthetw’omethodsofmeasuringsizodistribution
wascomputedfrcmtheforegoingtableby %areon’sproduotmoment
formula(reference4)andfoundtobe 0.19, ~f.s lowcorr~~tion
betweentheresultsby thetwomethodsindicatesthatoneorboth
nmthodsmustbe regardedas unreliableandthatthereforetheinff~
tionpresentedhereinondrop-sizedistributionmust,at present,be--
regardedwithsaneskeptici~.Thevaluesofmear+effectivedi=eter
presentedareneverthelessregardedasbeingfairlyaccurd%-““-

An inspectionofthedatatnthefrequancytableshowsthuttho
a&eemeatindrq+sizedistributionwouldnotbennteriallyimproved
bya modificationQftheassumptionusedtoreducethedatatoa
camuonscale.Forexample,ifthescalehadbeenchosentogive
!lEBdistributionfora larger@actionof tie=Smm droP-sfze
data,theimprovedagreementinthelowerport$onofthetablo.
would%e offsetby corraspondfng.changes.fntheuPperPortions

Onepossibleexplkmition.forthisdiscrepenuyinthedetsrmlna-
. “tionof~o~stze dltitributionliestn“theeffectofthoacceleration

in theflowofairazzoundthefuselagein100allymodifyingthewater
content$dro~ize distribution,andvelocityat thepointswhere.-
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therotatingcylindersareeqxxed.‘Sincethel/&lnch-cyli~der
i.~excpos.ednearlytwiceas-farfrm,theaideofthefusela~e.as the
+inchcylinder,itwouldappearthat.th&localeffectsmightapply
variouslyto thedif~erentcylindere,thusgivingrisetoa false
relatiomhipbetweencylinderdiameterandrelativecollection
efficiency.Onlya“emallchangeinthecurvatureof’theline
definingthisrelationshipissufficienttoy~odu~ea dgnificant
changeintheindicati”~drop-sizedistribution.lthieeffectcould
bemeemredby theexposureoff’ourrotating.cyli.ndereofe~ual
diametersat positionsnormallyoccupied,bytherotatimcylinders,
Anydifferencesintheamountsoficecollectedwouldbe duetotho
Iocalacceleration,effectejustmentioned,, .. ... .

Anotherpossible-e@.anation,of thediscrepancyisthe
possibilitythatflowaroundtheendsofthestationarycylinder

—

causedtheobservedwidthoftheareaofimpingement-tobe less 1
thanwouldoccurona cylinderof“infinitelength,Thiseffectis -

..

believedtobe unimportant,however,sincethee~gp oftheice
formationsworeobservedtobe straightandparallelto’thoaxis

—

ofthecylinder. *

Thefrequencyof’variousvalum ofmaximumdropdiameterar~
presentedinfigure6. It is seen-fromthiscurvethatthemaximum
diameterwaslessthan20micronsin75percentofobsemationsand
19SS than 3$ microns:n 93percent.h a comparisonofthe-two
curms offigure6,itshouldbo rememberedthattheourvefor
maximumdiameterisb“asedupona muchsmallersampleofdatathan
thocurm formean-effectivediameter.

A FurtherCheckof theIcingIntensityScaleProposed
inRefer&ce1 forForecastingPurposes

Itwaspointedoutinreference1 that,whileI’airlyreliablo
estimatesof.theliquid-watercontentincloudscanbemade,the
sizeofthedropsremainsunpredictable.Forthisreason,a scale
of icingintensitybareduponliquidwatercontentalontiwas
proposedasanaidinthepreparationoficinsforecasta.This
scalewasfoundtoagreewiththe’icingintmsityscaleusedby
theWeatherBureauin78percentofthe1945--46ob~ervations.The
194&k7observationshavebeenusedtocheckthegeneralvalidity
oftheproposedscale,sincethesedataareindependentofthose
usedtodefinethescale.Thefollowingable yre~entsthe1946-47
datainthesameformusedinreference1 forthe1945--46data..

,

.
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I
. . Bargeof~ Numberof observedcase:i:: icing of ~

! Cloudtype ~ . water j. variousintensi
contenttAlternate~WeatherBure~un~c~ecficing:1

\::g: of } n e Y
1 1“:iGtensity~Trace‘Lfght.~Moderate+Heavy.,

I M.il lTrace ~ 2 ~ i. o ‘ 0:
~Layer ~” 0.12-O.68\,Light‘ ;, 22 “[o,7g” .:2”,
clouds : 0.69-1=33,-Moderate “o1- o! :’j : 1:”!.i over1.33:Heavy

&o.07 Trace ~“...0 !. 0“S! o -. ; 0’ I~cumulus ; 0.08-0.49 Light 3:13/0” 0 ;..:
; . 0.xl. 00 .’~Mode~te-.\ 0

r—L

2 .. 3 ..!. 0. ;
‘over1.06 lZes,vy~O;OIO ,_.0~.

Thistableshowsagreementin76percentoftheobse~ations.
Thealternatescaleinticatesictng intensityonedegreehi~er in “” -
18 percentof the casesandonede~reelowerin 6 percent. Thecorr-
espondingfigures for thel.~~~$6 datawerem percent,17percentand
5 percent,respectively.Thus,theagreement@ nearlyas god for
theindependentdata,whichindicate,ingeneral,thatappr@.mately
thisdegreeofagreementcanbe expected.

CONCLUDINGKEMARKS

Inadditiontoverifyingthespecifications-ofmsximumicing
conditionsproposed,previously.thedatapresentedhereinhav~been
usedtodefinetherelationbetweentemperatureandmaximumliquid
watercontentinlayez=typecloutias~ollows:

TemperatureMsximumliquidwatercon%nt
in laverclouds .

200F 0.8gm/m3
0°F .5gm/m3 .

<0° F .25gm/1113-“
Dataon drop-sizedistributionas obtainedby therotating-cylinder
method,althoughconsistentwithmeasurementspreviouslymade,were
foundtobe inconsistentwithdataondro~ize distributionderived‘
fromtheratioofthemaximumdiamatertothemean-effectivedism.eter
whenthemmimumdiameterw= calcu.latodfromtheareaof impingement
ona statime.rycylinder.In spiteof theinconsistencyitis
helicmedthatthedataonmean-effectivediametersarefairlyreliable.

AmesAeronauticalLaboratory,
NationalAdvisoryConmittoeforAeronautics,

MoffettField,Calif.
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NACATN No. 1424 19

Figure1.- Rotatingcylinderapparatususedon the C-46 airplane
duringicing research in the1946-47winter. --
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,

Figure2.- Apparatususedto measurethearea of drop impingement
installedon the C-46 airplane. .... . .
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